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Abstract 
 
Results of mechanical properties of high-pressure die-casting AZ91 magnesium alloy are presented. Performed examinations allowed 
to determine influence of plunger velocity in the first and second stage and intensification pressure on the ultimate tensile strength (UTS), 
yield strength (YS), elongation (A5 and Agt), Brinell hardness (HB) and impact strength (IS) of samples cast on 320 tone cold chamber 
machine. Obtained results revealed the highest properties at median used parameters and also the most powerful effect of plunger velocity 
in the first stage. The maximum values of mechanical properties obtained from the performed experiments were: UTS 250 MPa, YS 160 
MPa, A5 7%, 70 HB, IS 7 J. 
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1. Introduction 
 
Magnesium alloys are light metallic structural materials and 
have a unique combination of properties, which are very attractive 
in such applications as the automobile, aerospace and electronic 
industries. The use of magnesium alloys becomes significant due 
to a one-third lower density of magnesium as compared with 
aluminium, an improved damping ability, a higher resistance to 
corrosion and better mechanical properties. Most commercial 
magnesium alloys are based on Mg-Al system comprising the AZ 
and AM alloy series [1-5].  
The most popular of these alloys is AZ91. The ternary 
magnesium alloy contains about 9 wt.% Al and 1 wt.% Zn, with 
addition of about 0.4 wt.% Mn to improve corrosion resistance. 
The maximum solid solubility of aluminium in magnesium (α 
phase with hexagonal structure) is reasonably high at 12.9 wt.% 
Al at an eutectic temperature of 710 K, whereas an equilibrium 
concentration at 473 K is about 2.9 wt.% Al. The microstructure 
of cast Mg-Al type alloys is generally characterized by: a solid 
solution (α phase) and an α+γ eutectic (fully or partially divorced 
depending on its solidification rate). The γ phase (called also β-
phase) has a stoichiometric composition of Mg17Al12 (at 43.95 
wt.% Al) and an α-Mn–type cubic unit cell. Compared with 
binary Mg-Al alloys, in commercial ternary alloys type AZ91 no 
new phases occur, if the Al to Zn ratio is greater than 3:1. Zinc 
substitutes aluminum in the precipitate γ-phase  [2-13]. The 
presence of a small amount of manganese in commercial 
magnesium-aluminium alloys additionally caused formation of 
aluminium-manganese intermetallic compounds Al8Mn5 or 
Al11Mn4 [2-4]. 
High-pressure die-cast magnesium components are being 
increasingly used because of an excellent castability and 
properties that magnesium offers. High-pressure die-casting of 
thin walled components is particularly suitable because of the 
excellent flow characteristics of molten magnesium alloys [6-10]. Both cold chamber and hot chamber die-casting machines are 
used extensively for magnesium alloy die-casting [5-14].  
In the previous paper [15] we described a new foundry line 
constructed in the “SILUM” Foundry (Opojowice, Poland) for 
high-pressure die-casting with cold chamber machines for 
magnesium alloys. In this paper, the influence of high-pressure 
die-casting parameters on main mechanical properties of AZ91 
magnesium alloy is presented. 
 
 
2. Experimental procedures 
 
A commercial AZ91 magnesium alloy produced by Hydro 
Magnesium Ldt. with a nominal composition given in Table 1 
was used in this study. Experimental casts were produced by a 
high-pressure die-casting method and tested “as cast” (without 
treatment). 
 
 
Table 1.  
Chemical composition of AZ91 alloy according to ASTM B93-94 
Chemical composition [wt %] * 
Alloy Al  Zn  Mn  Si 
max 
Fe 
max 
Cu 
max 
Ni 
max 
Others 
each 
max 
AZ91 8.5-
9.5 
0.45-
0.9 
0.17-
0.4 
0.05 0.005 0.03 0.002  0.02 
* Mg rest 
 
 
Figure 1 shows some examples of macrographs of casts 
fabricated in the “SILUM” Foundry. The cold chamber die-
casting line for magnesium alloys, described in [15], has the 
following main elements: 
−  Single chamber furnace, 
−  Two-chamber crucible,  
−  Special system for gas protection of molten metal, 
−  Metering system consisting of a pump and a tube 
transporting molten metal form the pump to the casting 
machine, and also: 
−  Temperature control system. 
The tensile and impact specimens (Fig. 2) were obtained 
using an Idra cold chamber machine (320 tone locking force) at 
varied casting parameters in 3 series of tests within the following 
intervals:  
−  plunger velocity in the first stage: vI = 0.24, 0.27, 0.30 m/s;  
−  plunger velocity in the second stage: vII = 0.5, 1.0, 1.5 m/s 
and  
−  intensification pressure: p = 15, 20, 25 MPa.  
Other parameters such as die temperature or a molten alloy 
temperature were constant. 
Mechanical properties tests of obtained samples were carried 
out at a room temperature on an MTS-810 Servo-hydraulic testing 
machine. Signals indicating tension force and elongation were 
collected directly by an X-Y computer recorder. The performed 
tests included experimental determination of 
−  ultimate tensile strength (UTS), 
−  yield strength (YS), 
−  elongation (A5) and 
−  elongation (Agt) at a maximum applied load (determined by 
using an extensometer MTS 632.25C-23 model). 
Additionally, Brinell hardness (steel ball: 5 mm diameter; 
load: 2451 N) and impact strength (IS) (Charpy V hammer, un-
notched test bars; impact energy: 150 J) were determined. 
 
 
 
 
Fig. 1. Macrographs of the magnesium alloy AZ91 casts  
 
 
 
 
 
Fig. 2. Macrographs of experimental specimens 
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The casts obtained at the cold chamber die-casting line in the 
“SILUM” Foundry are characterised by a correct representation of 
dies without visible casting defects (like incomplete filling of die 
cavity, cold flows or cold shuts, hot cracking, deformation, 
distortion or fracture, etc.) and also by a satisfactory quality of 
surfaces. 
Fig. 3 shows a typical microstructure of a high-pressure die-
casting AZ91 magnesium alloy. The microstructure consists of 
primary α phase (a solid solution of aluminum in magnesium – 
depleted in aluminum) and α+γ partially divorced eutectic. 
 
 
 
Fig. 3. Microstructure of high-pressure die-casting specimen of 
magnesium alloy AZ91; light microscopy 
 
Table 1 presents all results obtained from mechanical test of 
high-pressure die casting AZ91 alloy. The effect of process 
parameters on the ultimate tensile strength (UTS), yield strength 
(YS) and elongation (A5) are plotted in Figs. 4, 5 and 6. 
Generally, the maximum values of mechanical properties were 
obtained under the central applied parameters of plunger velocity 
and intensification pressure. 
 
 
Table 1.  
Results of mechanical properties investigations of a high-pressure 
die-casting AZ91 alloy 
Parameters of high-
pressure die-casting 
YS 
[MPa] 
UTS 
[MPa] 
A5 
[%] 
Agt 
[%] 
HB IS 
[J] 
vI = 0.24
a 151 246 5  6  73  8 
vI = 0.27
a 160 250 7  6  74  7 
vII = const. 
p = const. 
vI = 0.30
a 150 226 4  4  72  6 
vII = 0.5
a 155 237 4  5  71  6 
vII = 1.0
a 160 250 7  6  74  7 
vI = const. 
p = const. 
vII = 1.5
a 161 247 4  5  72  6 
p = 10
b 159 159 5  6  73  5 
p= 15
b 160 250 7  6  74  7 
vI = const. 
vII = const.  p = 20
b 160 245 5  5  66  6 
a m/s; 
b MPa 
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Fig. 4. Influence of plunger velocity in the first stage (vI) on 
ultimate tensile strength, yield strength and elongation of a high-
pressure die-casting AZ91 alloy 
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Fig. 5. Influence of plunger velocity in the second stage (vII-F) on 
ultimate tensile strength, yield strength and elongation of a high-
pressure die-casting AZ91 alloy 
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Fig. 6. Influence of intensification pressure (p) on ultimate tensile 
strength, yield strength and elongation of high-pressure die-
casting AZ91 alloy 
 
 
The obtained results indicate that a plunger velocity in the 
first stage has the biggest influence on mechanical properties. 
This is directly connected with porosity and distribution of molten 
alloy in shot sleeve of cold-chamber die-casting machine.  
 
 
4. Conclusions 
 
The mechanical properties obtained from test bars of AZ91 
alloy cast on a cold chamber die-casting machine fully satisfy the 
condition of magnesium alloy high-pressure die-casting. The use 
of varied casting parameters allowed to obtain some good quality 
magnesium samples. The best results were revealed at median 
value of plunger velocity in both stages and also in an 
intensification pressure. The most influence of plunger velocity in 
the first stage was also disclosed. 
As compared to data for example from Hydro Magnesium 
Ltd., obtained values are the same. Mean values given by Hydro 
Magnesium Ltd. [14], obtained from test bars cast on a 400 tone 
cold chamber machine using a six-cavity die, are: UTS 250 MPa, 
YS 160 MPa, elongation 7%, Brinell hardness 70, IS 9 J. 
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